Purpose Neuromuscular (NM) hip dysplasia is common in patients with cerebral palsy (CP). Traditionally, migration percentage (MP) has been used to measure the severity of NM hip dysplasia; however, the MP has some limitations. The purpose of this study is to determine the intra-and inter-reliability of the Melbourne Cerebral Palsy Hip Classification System in the typical paediatric population of patients with CP.
Introduction
Children with cerebral palsy (CP) commonly have significant hip dysplasia that can lead to a negative impact on quality of life. The consequences of hip subluxation and dislocation include significant pain, discomfort and imbalance, decreased ability to maintain hygiene specifically in the perineal area, and the loss of ability to stand and walk. 1, 2 The severity of hip disease in CP is directly proportional to the patient's classification using the Gross Motor Functional Classification System. [3] [4] [5] The ability to accurately and reliably classify the degree of hip pathology in patients with CP has the potential to improve care and outcomes in this patient population in addition to serving as a research tool for determining effectiveness of interventions.
Radiographic measurements used in the evaluation of hips with neuromuscular hip dysplasia include the migration percentage (MP) of Reimers and the acetabular index of Hilgenreiner. 6 The MP is a continuous variable measuring the percentage of the femoral head lateral to the acetabular margin. The reliability of using the MP has been investigated and found to have acceptable reliability and repeatability, within an error of 6% to 13%. 7, 8 However, although it is a commonly used measurement method, the MP has several disadvantages. First, accurate measurements are extremely difficult to obtain in cases of severe dysplasia. Secondly, anterior and posterior dislocations (versus the more common posterolateral dislocation) do not always show an increased MP. 9 Thirdly, the MP fails to include additional morphological features of the hip, such as acetabular dysplasia. 9 Finally, an ordinal classification system has benefits over a continuous system in communication among various healthcare providers and for research and epidemiological purposes. 10 Recently, a new classification system was developed as a tool to grade the final outcomes of hip pathology in CP. The Melbourne Cerebral Palsy Hip Classification System is based on the following gross morphologic features: integrity of Shenton's arch; shape of the femoral head; shape of the acetabulum; and pelvic obliquity. 9 The classification system ranges from Grade I to VI. Grades I and II represent a normal hip and near normal hip, respectively. Grade III represents a dysplastic hip. Grade IV represents a subluxated hip. Grade V represents a complete hip dislocation and Grade VI represents a dislocated hip that requires salvage surgery.
Reliability of the Melbourne Cerebral Palsy Hip Classification System has been demonstrated by the authors of the original study in the location of the original study, with inter-and intraobserver reliability of excellent to almost perfect. 11 An independent evaluation of this system's reliability is important to further validate its use. The purpose of this study is to test the intra-and inter-reliability of this classification system as an independent evaluation.
Materials and methods
Institutional review board approval was obtained for this radiographic measurement analysis. Hip radiographs (anteroposterior (AP) pelvis) in patients aged 12 to 21 years with a diagnosis of CP were identified at a tertiary care paediatric referral hospital. The range of hip pathology spanning the entire range of the classification system was screened from the medical records. The radiographs were blinded and presented to five fellowship-trained paediatric orthopaedic surgeons and one orthopaedic surgical resident on two separate occasions eight weeks apart. The level of experience varied among the surgeons: two have greater than ten years of experience; two have greater than five years of experience; one recently completed their fellowship; and one is currently a fourth-year orthopaedic resident. The surgeons were provided instruction in this classification system prior to performing this study, and each radiograph was independently classified into this system by each orthopaedic surgeon.
The hip classification is described as follows and is illustrated in Figure 1 . The classification system is based on a combination of femoral head and acetabulum morphology, pelvic obliquity and the MP. The original authors felt that this combination of both a description of morphology and the MP made for the best classification system.
Grade I is a normal hip with a MP of < 10%, Shenton's arch is intact, the femoral head is round, there is normal acetabular development and a pelvic obliquity of < 10°. Grade II is a near normal hip with a MP of 10% to 15%, an intact Shenton's arch, a round or almost round femoral head, normal or near normal acetabular development and a pelvic obliquity of < 10°. Grade III is a dysplastic hip with a migration percentage of 15% to 30%, Shenton's arch broken by < 5 mm, a round or mildly flattened femoral head, a normal or mildly dysplastic acetabulum and pelvic obliquity of < 10°. Grade IV is a subluxated hip with a migration percentage of > 30% but < 100%, Shenton's arch is broken by > 5 mm, there is femoral head and acetabulum variable deformity and variable pelvic obliquity. Grade V is a dislocated hip with a migration percentage of at least 100% with a completely disrupted Shenton's arch, variable femoral head and acetabulum deformity and variable pelvic obliquity. Grade VI is a hip that has undergone salvage surgery.
In total, 65 AP hip radiographs were selected in a non-randomised fashion to ensure each classification group was represented. Each radiograph was classified into one of six grades by each surgeon (MWS, MB). Each radiograph was de-identified. Eight weeks after the initial evaluation, the same radiographs were then re-presented to the group in random order for the second evaluation. In general, optimal radiograph positioning is standard in the clinical settings studied here. However, the radiographs were not screened for 'optimal' positioning, specifically to allow for study of 'real world' radiographs.
Statistical analysis
This was performed using the intraclass correlation coefficient (ICC), for both intra-and interobserver reliability. The ICC is equivalent to the weighted kappa value in which less weight is assigned to agreement since categories are further apart and was chosen since the original authors used this system for reliability analysis. The ICC was interpreted using established conventions for kappa where < 0 is poor agreement, 0 to 0.2 is slight agreement, 0.2 to 0.4 is fair agreement, 0.4 to 0.6 is moderate agreement, 0.6 to 0.8 is substantial agreement and > 0.8 is excellent agreement. 12 Statistical analysis was performed using SPSS Statistics version 22 (IBM Corp., Armonk, New York).
Results

Interobserver reliability
The ICC for interobserver reliability was 0.853 (0.813 to 0.887) for the first reading and 0.839 (0.795 to 0.877) for the second reading, demonstrating excellent interobserver reliability (Table 1 ). The data were further analysed to determine if there were any differences of greater than two classifications of an individual subject. In the first analysis, of the 130 hips analysed, four radiographs had a difference of greater than two classifications among the five participants. In the second analysis, five radiographs had a difference of greater than two classifications among the five participants.
Intraobserver reliability
The ICC for intraobserver reliability shown in Table 2 was in the range of 0.838 to 0.933, indicating excellent intraobserver reliability. The data were assessed with a symmetry test to ensure that there was no bias between the first and second readings of the participants.
Discussion
MP is the most widely used radiographic measurement of hip disease in CP. There are advantages to this method including but not limited to its lack of subjective input, the relative ease of measurement, and the extensive use of the MP in the literature in relation to clinical outcomes of surgical intervention. 13, 14 Currently, in many paediatric orthopaedic centres, management decisions are commonly based on the MP. However, due to the 2D nature of radiographs, anterior and posterior dislocations do not always show a substantial increase in the migration percentage and is thus a limitation of the use of the MP. 11 The use of CT imaging with 3D reconstruction and MRI has been proposed to circumvent this limitation. 11, 15 However, this may not be practical, cost-effective or safe due to high levels of exposure during CT imaging as a means of hip surveillance or clinical study in children. MRI does not provide as much bony detail and almost always requires sedation.
The continuous scale of the MP also has several limitations. Studies have shown that an experienced reader could replicate a MP measurement within 6% to 8%. [3] [4] [5] 7, 8, 14 In order to determine a 'true' change in MP, based on a 95% confidence interval, the change of MP would have to be > 13% from one radiograph to another, which is quite a large amount of change clinically. Furthermore, some providers feel the continuous scale of the MP makes communication of the overall sense of pathology more difficult, and potentially makes research more difficult, rather than using a discrete, ordinal system. 10 The Melbourne Cerebral Palsy Hip Classification System was developed as an ordinal classification system using both quantitative (MP) and qualitative input. 16 The system was designed with the understanding that the development of severe displacement in combination with pelvic obliquity and/or deformity of the acetabulum and femoral head increases the difficulty of performing the measurement of MP. 9 Finally, from a research perspective, this classification system provides ordinal data resulting in an optimal system for studying clinical outcomes.
The original study of intra-and inter-reliability of this classification system was designed to evaluate radiographs in adolescents with CP with an age range of 14 to 19 years. 11 Murnaghan et al 11 performed the first study of the intra-and inter-reliability of the Melbourne Cerebral Palsy Hip Classification System, as part of the group from Melbourne that developed the system. Our study takes place in a different region (South Western United States) and is the first independent analysis of its reliability. Furthermore, there was no attempt to ensure perfect radiographs, but instead, this study investigated how this system would perform with 'real world' radiographs. We also chose to expand slightly the age range in this analysis compared with the original study from Melbourne, simply because our Grade V and VI hips often occurred in those slightly older patients still seen in our paediatric CP clinic.
An independent evaluation of this system's reliability is important to further validate its use. Our study compared very favourably with that from Murnaghan et al, 11 with very similar intra-and interobserver reliability. Overall, our data suggest excellent intra-and interobserver reliability in this patient population with the Melbourne Cerebral Palsy Hip Classification System.
Our data indicate that the most variance in rater's classification occurs between classifications I and III. This also compares very favourably with that from Murnaghan et al. 11 The biggest variations occurred in five patients in our study and in six patients in the series from Melbourne. We feel that these relatively few outliers do not negatively impact the usefulness of the classification system.
One of the criticisms of the system is that there are very few differences between a I and a II rating. In fact, along with a 'near normal acetabulum' and a 'nearly round femoral head', one of the main differences between a I and a II is a difference in MP of only 5%, which is within the error of accepted measurement of MP. We agree that, in practical terms, the differentiation between a I and a II can be difficult. The current numbers in this analysis, and therefore the power of the study, were not sufficient to report 11 did use physiotherapists as a subset of raters for their analysis. Our selection of only paediatric orthopaedic surgeons unfortunately reflects the difference in practice in the United States where our institution is located, where currently physiotherapists are not typically involved with independent evaluation of hip radiographs of patients with CP. However, the authors certainly admit that the quality of care in countries that have standardised CP hip surveillance programmes, which includes the practice of physiotherapists evaluating hip radiographs, is superior to that in our location. We believe that well-trained, qualified physiotherapists would likely give similar highly reliable ratings with this classification system.
Our study confirms that this classification system is valid and reliable in patients with CP and neuromuscular hip dysplasia. This classification system can be used as an effective tool for communication among providers and in further studies of prognosis and quality of life for patients with CP.
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